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odd nodes even nodes

All the odd nodes will have a clustering coefficient of 1 because they only have two neighbors
and those two neighbors know one another.

The even nodes have four neighbors, and the two pairs of neighbors on either side know one
another. That is 2 edges out of (2;6) possible ones. So their clustering coefficient 1s 2/6 = 1/3.

The average clustering coefficient for the whole network is therefore
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(a) [T points] Suppose you have already computed the personalized PageRank vectors for
the following nsers:
e Agatha, whose interests are represented by the teleport set {1, 2,3},
e Bertha, whose interests are represented by the teleport set {3,4.5}.
e Clementine, whose interests are represented by the teleport set {1.4,5}, and
e DeShawn, whose interests are represented by the teleport set {1}.

Without looking at the graph, can vou compute the personalized PageRank vectors for
the following nsers? If so, how? If not, why not? Assume a fixed teleport parameter 3.

* Solution % We can compute the personalized PageRank vectors for any user whose
interest vector is spanned by the interest vectors for the users we already computed. For
simplicity of notation we will show this for two users whose interests are represented by the
vectors s4 and sp and their personalized PageRank vectors are ry and rp. Now assume
that s¢ = gsay + (1 — g)sg. Then the personalized PageRank vector for user C' is ro =
qra + (1 — g)rg, because:

Mgre =Mre + (1 — 8) s¢
=q(fMras+(1—8)84)+(1—¢q) (BMRg+ (1 — 3)sg)

=gra+(1—g)ra =rc

i. [2 points] Eloise, whose interests are represented by the teleport set {2}.
% Solution % VYes. 34— 38+ 3C —2D.
ii. [2 points] Felicity, whose interests are represented by the teleport set {5}.

% Solution % No. There is no way to isolate 5 without involving B, which in turn
involves A, and there is no way to cancel out the resultant 2.

ifi. [3 points] Glynnis, whose interests are represented by the teleport set {1,2,3,4,5}
with weights 0.1, 0.2, 0.3, 0.2, 0.2, respectively.

 Solution % Yes. .64+ .38+ .3C —.2D

=

[3 points] Suppose that you've already computed the personalized PageRank vectors
of a set of users (denote the computed vectors V). What is the set of all personalized
PageRank vectors that you can compute from V without accessing the web graph?
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An important concept in network analysis is the excess degree distribution, denoted as gg.. for & > 0.
Intuitively, g; gives the probability that a randomly chosen edge goes to a node of degree k + 1.
Fxcess degree can be calenlated as follows:

'
Qk ’

gk = ——, — e

/| Nid qj E E lky=k+1]

iV (ij)eE

where I .ondition = 1 When condition is true and 0 otherwise. V' denotes the set of nodes, E the set
of edges and k; the number of neighbors of node j (equivalently, the degree of node j). Addition-
ally, the expected excess degree is defined as 3, ., k - q;. The degree distribution of the network is
denoted by {pplk > 0}, i.e., p is the proportion of nodes having degree exactly k. The erpected
degree can consequently be computed as 3, k- pp.
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e (ii) [5 points] Can you calculate the excess degree distribution {g;. } nsing the degree distri-
bution {p;.}? Find this formula.
% Solution %

— qp. is the probability that a random edge goes to a node of degree k + 1, calculated as the
number of edges that go to a node of degree k + 1 over the total number of edges.

The number of edges that go to a node of degree k + 1 is n(k + 1)pro1.

Since the expected degree is Y.kpy., the total number of edges is nXkp;..

n{k+1)pri1
nEkpx

=l , or after canceling n,
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